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Director, Centre for Sustainable Development, Department of Engineering,
University of Cambridge, Cambridge, UKInfrastructure is presenting some signiﬁcant global challenges. One issue is that, while it is often seen as performing
well, it tends to do so against only against limited terms of reference and short-term objectives. The available
literature suggests that, to date, performance has largely been approached from the point of view of a project, or
through addressing latent failures arising from speciﬁc sources of shock or failure. In contrast, the literature is sparse
in which these matters are examined from the perspective of service-led delivery at the system level (the system
comprising assets, projects and networks each at different stages of their life cycle and variously affecting
one another as they develop, then age). Yet this is arguably the level relevant to, and the reality of, much of
the realm of day-to-day public infrastructure management. This apparent gap in infrastructure research has
been explored through a series of interviews that looked at different levels in organisations, sectors and countries.
These interviews test the presumption that a problem therefore exists, and sought to identify some of the factors
involved. In so doing, this research highlights an issue with the alignment between infrastructure governance and
day-to-day operations, speciﬁcally the feedforward/feedback mechanisms that span the governance/operational
interface.1. Introduction
Infrastructure is critical to many aspects of society and the quality
of life in communities (e.g. Dobbs et al., 2013; New Zealand
Government, 2011; OECD, 2012). Often described by its ﬁxed,
physical assets or networks, infrastructure is typically long-lived
structure, individual asset often having a design life of 50–100
years. As a network or a system, infrastructure can endure for
centuries (Carreras and De Soto, 2013).
Public infrastructure is that used by or within the public realm,
and in New Zealand (which is to be the focus of later case
studies), it is generally in some form of public ownership (New
Zealand Government, 2011: pp. 6–7). This can be managed at the
local, city, regional or national level, forming networks and
systems. Those systems will comprise assets or artefacts, projects
and networks each at different stages of their life cycle and
variously interacting and affecting one another as they develop,
then age. The system simultaneously comprises numerous levels
and relationships within the system itself, its functionality and the
environment (in the broadest sense).
This creates a dynamic and complex environment, with inherently
high levels of uncertainty. These are then ‘evolutionary systems’
(van der Lei et al., 2012: pp. 32–33), complete with the
paradoxical elements that come with the introduction of social,
functional and individual perspectives and perceptions (e.g.
Atkinson and Moffat, 2005: p. 120; de Wit and Meyer, 2010:
p. 114; Green, 1994: p. 52; Star, 1999: p. 380).It is both the critical nature of infrastructure and the complex
interdependencies that underline the signiﬁcance of the global
challenges now being presented by infrastructure. According to
Dobbs et al. (2013), Durango-Cohen (2007), Fenner and Ainger
(2014), Guthrie and Konaris (2012), Hall et al. (2013), OECD
(2012) and Omega Centre (2012) for example, these include the
following issues.
■ Much ‘new world’ or post-war infrastructure is
simultaneously approaching the end of its design life.
■ Infrastructure is often poorly performing, or inadequate for
current and future needs.
■ Recent natural disasters have underlined the importance of
infrastructure resilience.
Yet the catastrophic failure of infrastructure is relatively rare, and
indeed, infrastructure may be perceived or reported as performing
relatively well in a number of areas (e.g. New Zealand Government,
2011: p. 8). This may, however, only be the case when considered
against a limited set of performance measures and frequently short-
term considerations (Brown et al., 2013; Controller and Auditor
General, 2014: pp. 3–5; Fenner and Ainger, 2014: p. 204).
Furthermore and irrespective of any reported good performance,
there is also an identiﬁed need for ongoing improvement (Controller
and Auditor General, 2014; New Zealand Government, 2011: p. 8).
Not surprisingly, the outcomes delivered by infrastructure are of
growing importance, particularly those achieved by existing1
g, all rights reserved.
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underpinned by the development of ‘new public management’ in
the public sector, which emphasises business-like performance
and stakeholder collaboration (Dunleavy and Hood, 1994: p. 9;
Hendriks and Tops, 1999: pp. 133–134, 2003: p. 301; Hood,
1991: p. 3; Lowndes, 1997: p. 44). However, infrastructure-
related literature in this area appears to be sparse. Almklov and
Antonsen (2014: p. 1) provide one of the few examples to
consider the implications of new public management on
infrastructure practice. Signiﬁcantly, they found that it ‘renders
essential aspects of operational work invisible – including
practices that are known to be of importance for reliability’.
Some attention has been given to improving outcomes through
project selection (e.g. Flyvbjerg, 2009; Flyvbjerg et al., 2003a).
However, while of vital importance, overall performance requires
more than the delivery of a programme of works. Crucially
■ infrastructure governance systems have typically remained
static despite their ability to effect positive change (Dobbs et
al., 2013: p. 4)
■ feedback within infrastructure practice is poor (Busby, 1998)
and any differences between planned and actual project
performance are frequently ‘explained away as an isolated
instance of unfortunate circumstance’ (Flyvbjerg et al., 2003b).
Greater attention, therefore, needs to be paid to the alignment
between strategic intent and the tactical reality of day-to-day
infrastructure operations. As Edkins and Zerjav (2014: pp. 2–3)
argue, the asset-based and service or provision-based typologies
needs to be broadened to construct ‘a novel concept of
infrastructure and the management of its interdependencies that
moves beyond the domain of engineering artefacts and includes
interactions between actors, organizations and institutions’.
Some research has been undertaken in this area in relation to latent
failures, and the associated analysis does provide one form of
engineering and infrastructure feedback. Latent failures derive from
factors that may not in themselves result in failure, that may take
some time to become apparent or that may lie dormant until
combining with other factors or circumstances (Reason, 1990: p. 28).
The effect of latent failure has been researched in the area of
natural disasters (Desouza and Flanery, 2013: p. 94), catastrophic
failure of infrastructure (e.g. Bolton et al., 2008; Reason, 1990) or
emergent events such as climate change (Crabbé and Robin,
2006). Such studies consider the role of managerial and
organisational processes but do so through a speciﬁc lens.
However, there are a few, if any, published studies that explore
latent failures of ‘business-as-usual’ operations within the public
infrastructure space and more particularly addressing such issues
at a system level. This includes research into both the latent
failure of the system and the positive ﬂip side to this; system
‘ﬁtness’ (to extrapolate Flyvbjerg, 2009). While the research may2
ed by [ UNIVERSITY OF CAMBRIDGE] on [14/04/16]. Copyright © ICE Pubbe germane to business as usual operations, it is seeking either
speciﬁc root causes or outcomes relative to a speciﬁc event. As
Schön (1991: p. 9) has observed
A series of announced national crises – the deteriorating cities,
poverty, the pollution of the environment, the shortage of energy,
seemed to have roots in the very practices of science, technology, and
public policy that were being called upon the alleviate them.
Of the research that does exist in this area, most examine the
problem from within the classical optimisation paradigm (for
example as outlined by Durango-Cohen, 2007: p. 494); this
includes those studies that consider departure from procedures as
error or violations, rather than considering the suitability of the
procedures themselves (e.g. Goodman and Ramanujam, 2012;
Reason, 1995). The closest comparable research is that from the
healthcare sector (e.g. Laxmisan et al., 2007; Lederman and
Parkes, 2005; Mead and Bower, 2000); however, these too tend to
focus on the identiﬁcation of speciﬁc sources or error (e.g. Cosby,
2003).
Much of the current infrastructure literature also examines issues
through a project centric lens. This presupposes a conventional
asset life cycle of plan, build, maintain and dispose and examines
the issues with the implicit presumption of building more projects
and then optimising the hard assets. There is a need, then, to
understand if, where and how a breakdown in the business-as-
usual management of infrastructure is occurring and how this
might then affect strategic decision-making or infrastructure
governance.
■ ‘We often have quite messy, poorly structured situations
where objectives are not clear, where different constituencies
have conﬂicting aims and where the way forward requires
vision and leadership as well as hard analysis and design’
(Morris, cited by Winter et al., 2006: p. 645).
■ ‘Whilst the traditional engineering research methods are
valuable to study the physical artefacts of infrastructure, such
methods clearly have limitations in addressing the
complexities that arise from social, ﬁnancial, power, and other
kinds of relations between different human actors and
organizations that enact the web of infrastructure phenomena’
(Edkins and Zerjav, 2014: p. 13).
■ ‘Such problems can no longer be solved by the application of
still more “engineering ﬁxes” nor are they amenable to the
conventional remedies of human factors specialists…. These
… depend upon acquiring a better understanding of the
breakdown of complex socio-technical systems, and the
development of new techniques of risk assessment’ (Reason,
1990: p. 28).
This paper explores some of these issues from the perspective of
the infrastructure system itself, in which new projects emerge and
change the existing system of assets, projects, networks and the
services that these deliver to their community. The focus is onlishing, all rights reserved.
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this creates for governance and long-term infrastructure outcomes.
This broad canvas was narrowed through a series of cross-sector
industry interviews that sought to better reﬁne and understand the
problem and to focus areas for possible future research.2. Infrastructure inquiry
2.1 Overarching approach
To respond to an apparent gap within the literature, the research
comprised a series of semi-structured interviews conducted with
the aim of identifying key issues and therefore the research
‘problem space’ (i.e. to address the high-level questions of
whether there is a problem and, if so then, what are its
characteristics and where should the researchers look further?).
The approach comprised two stages as follows.
■ The interviews were ﬁrstly across a range of infrastructure-
related organisations, and were focused on determining
whether there is a problem and identifying the broad nature of
that problem. This stage sought to understand this through a
series of generalised questions that probed infrastructure as
both an artefact and a social enterprise. Appreciative enquiry
was also used to canvas areas of existing practice that worked
well. Interviewees included chairpersons/board members,
chief executive ofﬁcers, directors, executive management and
senior specialists. A total of 32 New Zealand interviews were
conducted along with a limited number (eight) in the UK and
Europe, covering a total of 33 different organisations.
■ The second stage sought further detail on areas or issues (and
conversely opportunities) meriting closer examination. To do
so, it targeted one infrastructure sector: transportation. This
stage excluded matters within the project delivery process
(which is already well served by literature), looking instead at
the wider operational system and its interfaces and feedback
processes. Interviews were conducted both vertically from
chairpersons/board members to team leaders and also with
those that operate across the organisation (disciplinary
specialists and cross-departmental functional areas). A further
19 interviews were held within a large New Zealand
municipal transportation organisation.
A summary of the expertise and experience covered by all 59
interviews is given in Table 1. For completeness, it is noted that
political aspects and interfaces were excluded. Infrastructure
governance, therefore, refers to executive board-level functions
(which may include some political appointees), as distinct from
political stewardship, where the executives report directly to
elected ofﬁcials.
2.2 Sector selection
Prior to embarking on the interviews, consideration was given to
the selection of the infrastructure sector used within the second
stage of interviews. As this then informed the overarching
approach, it has been included here for completeness and context. [ UNIVERSITY OF CAMBRIDGE] on [14/04/16]. Copyright © ICE PublishinThe New Zealand infrastructure environment provides the
opportunity to investigate the alignment of governance and
operations at the system level. New Zealand’s infrastructure
remains largely in public ownership, and there is a separation (or at
least an awareness of the need to separate) political stewardship
from technical and organisational governance (Auckland Transport,
2014: pp. 11–13; Controller and Auditor General, 2002).
While this research conceivably has a broader application, it was
also decided to use municipal (land) transportation systems as the
focus for more detailed investigation. The choice of this sector
was in part inﬂuenced by researcher experience and knowledge of
the processes across the life cycle of projects and systems in this
area. Industry access was also a consideration.
More materially, land transport was identiﬁed as a potential
sentinel in the overall understanding of decision-making for
infrastructure. This was primarily because land transport, more
than other infrastructure types, inﬂuences society through its
interface with land use and economic development and is
frequently a conduit for other types of infrastructure (Carreras and
De Soto, 2013; p. 117; Dennis, 2008: pp. 113–115; Martindale in
Weber, 1958: pp. 16, 25; Zylstra, 2013: p. 3). Indeed, Martindale
(in his preface to Weber, 1958: p. 57) expands
‘The street, represents ﬁrst and last the greatest material problems of
the city for here the cooperation of the whole community, a free way
is provided, an “open road”, a challenge for trafﬁc and transportation
for all alike’.
Martindale goes on to quote Henri Pirenne’s declaration that ‘the
control of the streets means the control of the city’ (cited in
Weber, 1958: p. 58).
The land transport sector also provides an example of the
transition rapidly developed infrastructure systems must now
undergo to confront matters such as simultaneously ageing assets,
the full realisation of maintenance costs and ongoing growth.
Furthermore, there is an identiﬁed need for further development
of long-term infrastructure system performance within this sector
(e.g. Controller and Auditor General, 2014; Institution of
Professional Engineers New Zealand, 2010).
3. Common threads and stories
Coded data from all of the interviews are presented in Figure 1.
While these were inevitably guided in part by the structure of the
interview, they nonetheless provide a useful road map of the
common topics within those discussions. So, while the six key
thematic areas to emerge at this level (Table 2) reﬂect the
interviewing framework, of more interest are the common threads
and thematic patterns to emerge from the views of a diverse, yet
highly experienced group of infrastructure practitioners. In
particular, this highlights the interaction between infrastructure
outcomes and organisational decision-making, performance
monitoring and learning, in short, the ‘missing’ feedback loop3
g, all rights reserved.
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Lenferink et al. (2008).
Finally, regression analysis of overlapping codes (node
correlation) has provided another way of looking at the threads.
Table 3 documents the key associations or clusters using the
dominant themes shown in Figure 1. These in turn have been
sorted into thematic groupings (so the summary descriptions may
not necessarily be found in the details of Figure 1). This in turn
indicated three primary areas of note
■ decision-making
■ managing change
■ reconciling outcomes with objectives (feedback).4
ed by [ UNIVERSITY OF CAMBRIDGE] on [14/04/16]. Copyright © ICE PubResilience is also a key, but less dominant topic. Resilience is a
matter that has recently come to the fore as a consequence of
recent natural disasters, particularly in New Zealand (e.g.
MacAskill and Guthrie, 2015), so its emergence at this level is not
unexpected.
Table 3 also highlights the interdependencies and complexities of
the threads at two levels.
■ Intercluster relationships: There is some overlapping or
similarity of keywords between groupings.
■ Interthematic relationships: Clusters have been
numbered according to proximity and sequence within
the larger nested relationship tree. The mixed numberingSector Rolelishing, all rights reservDisciplineSocial infrastructure Central government Engineeringed.Recreation Funding and ﬁnance SciencesHealthcare/public health Statutory PlanningEducation Political N/A LawEnergy Governance Other artsGeneration Client Finance and businessTransmission Consultant Other expertise (e.g. cultural)Distribution Contractor Context (NZ only)Transport Stakeholders MoWState highway Director Post-MOW (1988+)Local roads Manager LocationRail Team AucklandPublic transport Policy and strategy NZSea and air ports Asset management AustraliaTelecommunications Project delivery Paciﬁc IslandsWaters Operations Greater AsiaWater Compliance/audit Europe and UKWaste water Industry organisation AmericasStorm water Emergency preparedness AfricaWastes Aid Other/unspeciﬁedDefence Academia/researchNote that this records experience based on current interviewee location and does not infer nationality. Political factors are outside this research
scope
NZ, New Zealand; MoW, Ministry of Works; , NZ-based interviewees; , EU-based interviewees; , common experience
Table 1. Summary of interviewee experiences
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■ Environment and social
■ Sustainability
■ Complex systems
■ Short term against long termOrganisation Organisational attributes ③
■ Evolution and adaptation
■ Knowledge and learning OF CAMBRIDGE] on [14/04/16]. Copyright © ICE Publishing, all r■ Mental models
■ Engineering interfaceLife cycle Strategy ④ Emergent assets ⑥ights reserved.Operations ⑤
■ Objectives and outcomes
■ Drivers and need
■ Beneﬁts■ Projects
■ Funding and investment■ Maintenance and operations
■ Asset management
■ Level of serviceProcesses Business and technical processes ①
■ Life cycle (management)
■ Performance monitoring and reporting■ Business practice
■ Decision makingCircled numbers denote ranking of thematic area based on coded weighting
Table 2. Emergent themes from common threadsFigure 1. Common interview threads5
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ed by [ UNIVERSITY OF CAMBRIDGE] oContributing nodesDecision-making
1 ■ Familiarity
■ Constraints
■ Problem solvingn [14/04/16]. Copyright © ICE Publishing, all rights reser■ Judgement
■ Thought leadership4 ■ Governance
■ Local/central government interface
■ Political interface
■ Structure of public infrastructure ownership■ Opportunities
■ Scope
■ History and legacy5 ■ Interdependence
■ Prioritisation
■ Interfaces■ Collaboration
■ Joined-up thinking8 ■ Assumptions
■ Mental models
■ Perception and perspective
■ Eroded outcomes
■ Issues and risks■ Communications
■ Aptitude and willingness
■ Culture
■ Business practice of infrastructure
■ Organisation9 ■ Barriers
■ Scale
■ Accountability
■ Convention, tradition and belief systems
■ Education and training■ Inputs and clarity of brief
■ Client/adviser interface
■ Contextual awareness
■ Procurement10 ■ Big picture thinking
■ Incrementalism■ Benevolent dictatorshipsManaging change
3 ■ Choice
■ Uncertainty
■ Disaster and shock
■ Resilience
■ Technology
■ Change
■ Dynamic systems■ Longevity and continuity
■ Life cycle
■ Short term against long term
■ Environment and social
■ Sustainability
■ Flexibility and optionality
■ Forecast and foresight7 ■ Policy and planning
■ Context
■ Drivers and need
■ Lock in■ Buy-in and alignment
■ Strategy
■ Conversations and relationships
■ Evolution and adaptation13 ■ Developer interface
■ One size ﬁts all
■ Urban against rural or small
■ New Zealand infrastructure context■ Ownership of resources
■ Capacity and capability
■ Growth and developmentReconciling outcomes with objectives
2 ■ Components
■ Quality
■ Business planning■ Behaviour
■ Theory against practice6 ■ Compromises
■ Level of service
■ Engineering interface
■ Funding and investment
■ Projects
■ Decision boundaries■ Feedback, review, questioning
■ Knowledge and learning
■ Integrated, holistic, inclusive
■ Complex systems
■ Decision-making
■ Customer focusTable 3. Correlating themes (continued on next page)ved.
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the interrelationships between clusters and themes.
Again, these clusters and themes are not necessarily indicative of
issues. These layers of interwoven interdependence do, however,
serve to underline the importance of considering the conceptual
complexities at the issue level.
4. Is there a problem and what is the nature
of that problem?
While the available literature did suggest a research gap, this does
not, of course, necessarily equate to a problem in reality. Indeed,
some of those interviewed did feel that they (team/organisation/
sector) were performing well, although acknowledging the need
for ongoing improvement. There was a general observation
among those interviewed, however, that good performance was
patchy (e.g. between sectors, organisations and projects and over
time). So, even where areas of good practice were identiﬁed (e.g.
recent improvements in the rate of delivery of projects to the
construction market, project procurement and asset management),
other individuals would have a different perspective and could
point to where these were incomplete or could improve. The
interviews provided a good degree of triangulation in this regard
and again reinforced the differences between theory and practice
and of the importance of perception and perspective.
The interviews also unearthed a series of belief systems in more
than one organisation, whereby one part of an organisation
believed something had been addressed by another (in contrast
with the subject department’s own view that their practice was [ UNIVERSITY OF CAMBRIDGE] on [14/04/16]. Copyright © ICE Publishinvery rudimentary or essentially non-existent). Similar issues have
also been ﬂagged by the New Zealand Ofﬁce of the Auditor
General
‘All but one of the 31 local authorities revalue their infrastructure
assets either annually or every three years. Most consider their
valuation data to be reliable. This means that most of the data is based
on sound records and has been adequately documented. However, the
data might have minor shortcomings (such as some old or missing
data)’ (Controller and Auditor General, 2014: p. 30).
More widespread than the sense of industry ‘well-being’ was the
feeling that, from the perspective of those within the industry,
there is indeed a problem and the overall outcomes were
suboptimal in some way. While there may be many reasons
contributing to this, the crux of the problem, or the primary issue
to arise at this time, is the inability to fully deliver appropriate
and relevant infrastructure outcomes over the long term.
‘I mean if you put a bunch of engineers in charge of a project,
they’ll do a fantastic job of delivering you a project, but you know, that
may not actually deliver what you want to see! ‘Cos they’re focussed
on design and implementation and doing and all of that good stuff –
mission critical – but if you haven’t got your problem deﬁnition and
solutions sorted out in the ﬁrst place, you end up with the sorts of
problems that we, you know, we’ve just had a long discussion on!’
Much has been written from a management perspective as to the
challenges in implementing strategy and aligning day-to-day
management or tactical operations with strategic intent. AttentionCluster Contributing nodes11 ■ Renewals
■ Front end
■ Modelling
■ Transparencyg, all rights reserved.■ Emergence
■ Latent failure factors
■ Story telling
■ Follow-through
■ Disconnects12 ■ Economic beneﬁt
■ Land use
■ Asset management
■ Maintenance and operations
■ Future proof
■ Function
■ Processes and operating framework
■ Legislative context■ Beneﬁts
■ Objectives and outcomes
■ Performance monitoring and reporting
■ Innovation
■ Fitness
■ Vision and aspirations
■ Values and value
■ ConsequencesResilience
14 ■ Efﬁcient design
■ Repurposing
■ Appropriateness
■ Robustness■ Brittleness and vulnerability
■ Failure
■ RedundancyTable 3. Continued7
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and factors that promulgate poor project selection and outcomes.
Yet infrastructure operational matters have received relatively little
attention. While infrastructure might not catastrophically fail in
the short term, as Hellström (2007: p. 417) observes, ‘Disruption
does not come about through expansion of a system, but rather
because incremental change may embed design ﬂaws gradually
deeper into a system, where ad hoc solutions to improve
workability hide problems under increasingly thick layers of
technological “improvements”, yet do not eliminate them’.
From the perspective of those being served by infrastructure, the
problem is a signiﬁcant one. For example in New Zealand local
government, where infrastructure related services are a vital part of
council function, a recent survey of some 2400 residents and 594
businesses found that, while the results might generally be ‘good’
and indirectly comparable to those of countries such as Australia
and the UK, this was of ‘little comfort’ (Local Government New
Zealand, 2015: pp. 3, 15). This was because, among other feedback,
respondents rated local government performance at 28 out of 100
(Local Government New Zealand, 2015: p. 9). The Institution of
Professional Engineers New Zealand (2010) has reported similarly
degraded customer feedback in other infrastructure sectors.
While there is no suggestion of catastrophic failure, both the
interviews and abovementioned reports point to a more insidious
issue of omission and unrealised potential, of society working
around its infrastructure. So while the primary issue might be very
simple to articulate, it is paradoxically complex. In this vein, four
key problem dimensions emerged
■ needs: what is delivered and how it is delivered
■ precepts: what customers believe or expect to be delivered
■ choices: whether the choices are appropriate and purposeful,
and that compromises have been understood
■ aptitudes: whether or not there is the ability to both
proactively and reactively change.
Much infrastructure literature currently focuses on doing the right
projects right. Yet the emergent dimensions show that there is more
to the problem space than addressing ‘need’. Furthermore, while
there was a shared awareness of the importance of improving long-
term infrastructure outcomes at senior levels, beneﬁt management
also seemed to be somewhat the elephant in the room. Because a
piece of infrastructure has not fallen down and may ‘only’ be
perceived as (i.e. not ‘actually’) a problem does not mean that the
issue is neither real nor signiﬁcant as there are more dimensions to
the issue than indicated by the hard infrastructure assets alone.
Infrastructure customers often have little or no choice in where
they go for infrastructure services and may not be heard over
technical and funding considerations. These are the matters of
stakeholder salience and legitimacy developed by Mitchell et al.
(1997) in response to the work of Freeman (e.g. Freeman, 1994;
Freeman and Evan, 1990). And yet, as the industry anecdote goes,
there is no point building good quality concrete life jackets.8
ed by [ UNIVERSITY OF CAMBRIDGE] on [14/04/16]. Copyright © ICE Pub5. Generalisability of the data
One of the common questions asked of interviewees was whether
the issues being raised related solely to the instance described
(circumstances or organisation) and whether this was a country-
speciﬁc issue. It would be very easy to dismiss the feedback
summarily for these reasons. Such throwaway lines do present a
challenge to research of this nature and so are worth discussing
upfront.
Interviewees responded to enquiries of this type by afﬁrming the
generic nature of the examples being given or the issues raised.
Many of those interviewed had worked in more than one country
and a variety of different contexts and had experienced common
themes across these. Their feedback suggests that it is not just poor
organisational, sector-speciﬁc or country-speciﬁc practice and that
the issues are worthy of being explored further. Comments
particularly emphasised differences between theory and practice
and how some of the issues stem from an expectation or perception
that practice occurs by the book. The feedback, however, also
pointed to the timeliness of such discussions, suggesting that there
was now an appetite to start exploring and addressing some of the
complex problems being faced in infrastructure management.
6. Contributing factors
A great many reasons were identiﬁed for the issue with long-term
infrastructure outcomes, providing an insight into where to look
further.
■ Knowledge is not being retained within the system
(feedforward) and then feeding back to inform future
decisions as best it might. This also exacerbates the
degradation of levels of service, asset life and other outcomes.
■ Infrastructure management (organisational structure, focus and
processes) is still heavily focused on capital work delivery,
and processes tend to be asset oriented. Consequently, system-
level beneﬁts are rarely monitored and therefore can be absent
from decision-making processes.
■ Projects or organisational functions are often ring-fenced, and
consequential projects or operational implications (including
opportunities) are not often followed through nor are
competing priorities resolved (this also extended to
intraorganisational issues). Staff rarely move through the
infrastructure life cycle to see ﬁrst hand the implications of
their decisions.
■ Projects are being delivered to operations, but the operational
framework rarely adjusts to accommodate changes arising to
the system (either to the hard system or those within the
organisation such as speciﬁcations in the case of non-standard
assets). In turn, operational implications were not typically
(and/or transparently) available to future strategic decision
makers (see the ﬁrst reason).
■ Long-term thinking that integrates physical assets and
organisations at the system level was often seen as a missing
necessity, along with an overarching need to improve
decision-making in complex, dynamic environments.lishing, all rights reserved.
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project issues, and little attention is given to the long-term
evolution of existing systems.
These align with a number of signiﬁcant life cycle transition or
interface gaps, as summarised in Table 4 and alluded to in part by
Edkins and Zerjav (2014: p. 8). In addition, the interviews also
suggested a need to improve processes so that these are focused
■ internally to address organisational capability and capacity
■ externally to include infrastructure in its context (the
scope needs to provide for the social rather than just
the technical outcomes and diversiﬁed to address often
overlooked multifunctional, non-standard assets or outcomes)
■ at the system level and on the long-term function of the
combined whole rather than individual assets.
Many of these factors stem from the matter of beneﬁt
management: the setting of objectives, their migration through
project delivery and operational processes (feedforward), their
appraisal and re-evaluation and feedback into system-level strategy
and decision-making. The challenge that arises in turn is that,
while much needed, applying a project management or business
framework to certain parts of the process is unlikely to address
any issues arising from system complexity and interdependencies
(Edkins and Zerjav, 2014: p. 13). Moreover, any approach needs
to provide for the dynamic context and long time frames over
which this occurs. Consequently, while the interviews show that
there are any number of facets to this area, this is less a series of
problems to be solved than an ecosystem to be understood.
7. Discussion
Bosch et al. (2013: p. 116) are of the view that ‘despite many
efforts to deal with these complex issues facing our society, the
solutions so far have seldom been long lasting, because “treating
the symptoms” and “quick ﬁxes”, using traditional linear thinking,
are the easiest way out, but do not deliver the solutions’. There is
no one solution to a complex problem or problem within a
complex system; instead, it is a matter of identifying, and to again [ UNIVERSITY OF CAMBRIDGE] on [14/04/16]. Copyright © ICE Publishindraw on the words of Bosch et al. (2013: pp. 116, 134), ‘leverage
points for systemic interventions’.
The strategic importance of infrastructure cannot be over stated.
Yet it is presenting signiﬁcant national and global challenges. One
issue is that, while often seen as performing well, it tends to do so
against only against limited terms of reference and short-term
objectives. Given that the world is facing a new infrastructure bill
of some £40 trillion, improving the beneﬁts delivered by existing
infrastructure is vitally important (Dobbs et al., 2013). This is not
just a matter of optimisation, however.
While the overarching issue relates to the long-term performance
of infrastructure and thence the alignment of infrastructure
governance and operations, this really amounts to how
organisational structure and business practice deﬁne or shape
engineering decision-making and infrastructure outcomes. Beneﬁt
management and the related feedforward and feedback processes
probe and transect this space and have been highlighted as areas
for further investigation and possible leverage. As one interviewee
observed:
‘… there is no current process in place to verify that the beneﬁts that
we anticipate … [are delivered] so we don’t do beneﬁts management
well. So although the beneﬁts of a project are deﬁned at the planning
and early design stage they are not measured efﬁciently … during the
detailed design, construction and certainly not after the project has
ﬁnished’.
The lack of attention being paid to understanding system-level
beneﬁts, their relationship to decision-making and the associated
implications of an absent feedback loop also has ﬂow on effects
into areas such as the ability to manage change and resilience.
Because of the range of possible disconnects within the system (as
described), as well as the time frames involved, the loss of
beneﬁts may not be immediately apparent. A number of those
interviewed talked of ‘legacies’ resulting from past infrastructure-
related decisions and management choices. Some but not all ofAspect (life cycle stage) Contributing factorsStrategy/project
interface■ Articulating beneﬁts
■ Business case boundaries
■ Lock-in/momentum/prioritisation
■ Follow-through/reconciliation with system-level objectives (feedforward)Project/operational
interface■ Handover (feedforward)
■ Transition from asset to system
■ Whole-of-life performanceOperational/strategy
interface■ Performance (beneﬁt) monitoring
■ Follow-through/reconciliation with system-level objectives. Feedback to strategy (above).Table 4. Analysis of life cycle factors9
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in Auckland. Every example, however, referred to infrastructure
that was less than a century old and therefore notionally within its
design life. From the perspective of those managing the
infrastructure, this might be viewed as a latent failure. From the
perspective of the long-lived infrastructure itself, it is perhaps
more of an active failure. Either way, it is not achieving the
outcomes intended, but this cannot be known for sure when
system-level beneﬁts are not re-evaluated or tracked. As was noted
earlier, this in itself raises a challenge in the balance between
looking back to feedforward within a dynamic environment.
Some of those interviewed suggested that this was perhaps an
asset management issue and could therefore be addressed within
existing practice. More often, however, it was held that a different
approach was required. This was clariﬁed by one interviewee, thus:
‘It’s more than asset management … asset management is quite simply
what do you own, what condition is it in, and how much money do I
need to spend … to keep it going. This is about looking and predicting
future costs and future impacts and looking at how capital new works
and the beneﬁts that they – in the business case – actually roll out and
are affordable in terms of maintaining and renewing that new asset’.
One of the underlying themes was also the inappropriateness of the
dominant project-centric approach to infrastructure management;
interviewees noted that this extended beyond the ‘“execution-
orientated” mind-set’ during project delivery identiﬁed by Edkins
and Zerjav (2014: p. 15), the linear pipeline of conventional asset
life cycles being ultimately unhelpful to managers immersed in a
system of concurrent and overlapping processes and systems. A
new mental model is therefore needed, in the least for approaching
this research space. The system life cycle proposed by Blom
(2014: p. 15) offers a possible alternative lens and starting point
from which this problem space may be considered and the higher-
level implications better understood.
8. Conclusions
This research has conﬁrmed a system-level problem with current
infrastructure practice that is inherently expressed within the
current exhortation to make better use of existing infrastructure.
Although not often catastrophically failing, the current
infrastructure is not performing as expected nor as best it might
despite the development of innovative engineering and tools to
assist the efﬁcient and effective management of assets.
Usefully, the 59 interviews collectively demonstrated that the
issues were not singular to any one organisation, infrastructure
sector or country. These have also identiﬁed beneﬁt management
(albeit at the system level and at the interfaces between operations
and governance and the role of projects in transforming these) as
an area worthy of further investigation as a potential leverage
point for change. What is also clear is that, while strategic
planning, project management and asset management are useful
frameworks for their respective life cycle stages, there are still10
ed by [ UNIVERSITY OF CAMBRIDGE] on [14/04/16]. Copyright © ICE Puboutstanding implementation issues and furthermore, infrastructure
systems operate across all these simultaneously on a day-to-day
basis. Therefore, it is the interfaces between these phases and
their frameworks that provide an opportunity to look at the issue
of long-term infrastructure outcomes through different lenses
(Ackoff, 1994; Snowden and Boone, 2007) and across both
macro- and micro-organisational levels (Van de Ven, 1976: p. 65).
This is, however, still a ‘wickedly’ complex space in which there
is sparse literature. There appears, however, an emerging appetite
across a range of infrastructure sectors to now start tackling these
matters, which provides a dynamic environment to engage in, and
to research, an emergent area as it develops.
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